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Modeling Energy Storage Systems in Extreme Climates

Energy storage systems, particularly batteries, must be kept in a specific temperature range 
to maintain operation and efficiency.  This poses a problem in extreme climates, where the 
temperature and parasitic loads due to heating or cooling can impact the device 
performance. The best system design will incorporate the enclosure, thermal management, 
power electronics, and the energy storage device. In this project we aim to develop energy 
storage modeling tools to assess the performance of energy storage technologies in 
extreme climates (hot and cold). This includes the ability to model an energy storage 
system with an enclosure and devise optimal control strategies of heating and cooling 
systems to maintain the required operational temperature. Project Goals

�‡ Project timeline June 2020-2022
�‡ Develop modeling framework to evaluate the impact of thermal management 

on the device performance
�‡ Enclosure modeling
�‡ ES technology thermal models
�‡ Control algorithms to stay within thermal limits and optimize 

performance
�‡ Evaluate several storage technologies for a cold climate application to 

demonstrate the utility of the methodology
�‡ Release the software as an open-source tool as a component of Quest
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How much energy is required to keep the device within operating range?
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shipping container.  

�‡ Energyplus3 will be leveraged to model the 
thermal interactions of the device, enclosure, 
and environment. 

�‡ Existing thermal models of devices will be 
built upon and integrated into the framework. 

�‡ Controls will optimize use of the device and 
HVAC system for efficient performance and 
minimal energy consumption4.  
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Battery Type Charge Temperature Discharge Temperature

Li-Ion1 0°C to 45°C -20°C to 60°C

Lead Acid1 -20°C to 50°C -20°C to 50°C

NiCd1 0°C to 50°C -20°C to 65°C

Molten Salt2 150°C to 560°C 150°C to 560°C

Table 1. Operating temperature ranges of various battery technologies.

Preliminary Results
A 300 kW/1 MWh, 81% round trip efficient (�Ù�; battery 
system with a 93% efficient inverter (�Ú�; is modeled in 
a 12.2m x 2.4m x 2.89m shipping container located in 
Fairbanks,  AK.  Assuming the charging (�ê�Ö�; and 
discharging (�ê�×�; efficiencies are equal
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The system is then modeled in Energyplusas a simple 
inverter and simple storage device with the above 
efficiencies. In this simple model, all energy is lost as 
heat. The shipping container has corten, or weathering, 
steel walls and roof with no insulation and a 28mm 
plywood floor5.

Simulations were run with the Ideal Loads Air System 
allowing for unlimited heating and cooling.  This ideal 
system supplies the required load to meet the specified 
conditions of the room. The result is the amount of 
energy needed to heat or cool the space, not the 
energy consumption of a specific HVAC device.

Figure 1. Heating and cooling energy required to keep the 
shipping container between 0°C and 45°C without the 
battery system operating.

Figure 2. Heating and cooling energy required to keep 
the shipping container between 0°C and 45°C with the 
battery system following the load profile.

Figure 1 shows the load required to keep the shipping 
container between 0°C and 45°C without the battery 
system. Intuitively, the required heat energy is high in 
the winter months, while the summer months require 
little heating or cooling. 

Figure 2 shows the energy required to keep the 
shipping container between 0°C and 45°C with the 
battery system following the Commercial Reference 
Building: Primary School load profile accessed from 
OpenEI6. The battery is controlled simply, discharging 
until empty then charging until full. 

The second figure suggests large amounts of cooling 
energy required even in winter months. However, in 
real systems the energy lost due to inefficiencies is not 
all lost as heat. Therefore a more accurate thermal 
model of the device must be used. Further, advanced 
controls and integration of renewables will produce 
more accurate results. 

SAND2020-10294 C


